Leishmania is a protozoan parasite found as a motile flagellated promastigote in the sand fly vector and as a round nonflagellated amastigote inside the phagolysosome of the macrophage. Cells of the macrophage lineage (i.e., macrophages, monocytes, and dendritic cells) are the exclusive host cells of this parasite species (28) . The mainstay for leishmaniasis treatment has been pentavalent antimony (SbV) complexed to carbohydrates in the form of sodium stibogluconate (Pentostam) or meglumine antimoniate (Glucantime) (25) . Although these compounds have been in use since 1940, their mode(s) of action is still not known precisely. Recent findings suggested that antimonial drugs interfere with trypanothione metabolism by extruding thiols outside the Leishmania cell and by inhibiting trypanothione reductase (43) . Trypanothione is a glutathione (GSH) spermidine conjugate and the main thiol of these parasites (14) . It has been suggested that SbV is a prodrug which needs to be converted to SbIII to be active (10, 29) . The main site of conversion (within macrophages or parasites) and the mechanism by which this is achieved are unclear. Moreover, the precise molecular target of antimonials is unknown, but it is likely that the macrophages either directly or indirectly contribute to the anti-Leishmania activity of SbV. Interestingly, recent results have demonstrated that SbV can selectively inhibit protein tyrosine phosphatases (Src homology 2 domain-containing tyrosine phosphatase 1 and 2) in vitro and augment cytokine-induced signaling and responses in hematopoietic cell lines (31) , suggesting a role of phosphatases and, possibly, other signal transduction pathways in the SbVinduced killing of Leishmania. Recent studies have shown that sodium stibogluconate and alpha interferon synergize to abrogate alpha interferon resistance in various human cancer cell lines by activating STAT1 (46) . Also, SbV can trigger the activation of phosphoinositide 3-kinase, protein kinase C, and mitogen-activated protein kinases. Coupled with the activation of the microbicidal mechanisms of macrophages, this ultimately leads to the elimination of the intracellular Leishmania donovani parasites (23) . We also showed recently that SbV alters the activity of the mitogen-activated protein kinase/extracellular signal-related kinase (ERK) and other signal transduction pathways (3) . Additional studies have reported that SbV could induce a protective effect in vivo against the downregulation of phagocyte defense activities mediated by Leishmania. This property appears to be mediated at least by a direct interaction between SbV and phagocytes, resulting in the priming of their ability to generate reactive oxygen species (ROS) in response to various stimuli and to enhance the activity of NADPH oxidase, the enzyme generating superoxides (33) .
DNA microarrays have been extensively used to study Leishmania-macrophage interactions (5, 7, 11, 34) , and to further understand the possible contribution of the macrophage to the mode of action of SbV against Leishmania, we have studied genes differentially expressed in THP-1 cells treated with SbV by using DNA microarray studies. Our analysis has suggested that, under our experimental conditions, the expression of a few genes is altered upon SbV treatment and that some of these encoded proteins may be involved in the mode of action of SbV.
MATERIALS AND METHODS
Parasite culture and characterization. The L. donovani field isolate 9551 (sensitive to SbV treatment) derived from a kala-azar patient has been described previously (19, 41) . Promastigotes were maintained in SDM79 medium (4a) supplemented with 10% heat-inactivated fetal calf serum at 25°C. Growth assays of promastigotes were done as described previously (30) . For intracellular amastigote assays, parasites transfected with firefly luciferase (35) were used at a 10:1 ratio to infect the human leukemia monocyte cell line THP-1 as described and validated previously (39) . Drug susceptibility assays were performed as described previously (13, 35, 39) , and values expressed as relative light units.
Isolation and culture of THP-1 cells and monocyte-derived macrophages (MDMs). Briefly, the cell line THP-1 was cultured in RPMI 1640 medium supplemented with 10% fetal bovine serum, 2 mM glutamate, 100 international units of penicillin/ml, and 100 g of streptomycin/ml. THP-1 cells in the log phase of growth were differentiated by incubation for 2 days in medium containing 20 ng of phorbol myristate acetate/ml, which caused the cells to become adherent. These cells were infected with Leishmania species (39) .
Human peripheral blood mononuclear cells (PBMCs) were isolated from healthy blood donors by density-gradient centrifugation on Ficoll-Hypaque gradients. Monocytes were purified by adherence to plastic in RPMI 1640 supplemented with 10% fetal bovine serum, penicillin, and streptomycin. Briefly, PBMCs (6 ϫ 10 6 cells) were first seeded into six-well plates; after 2 h, nonadherent cells were removed by several washes with warmed phosphate-buffered saline (PBS). Freshly isolated monocytes were allowed to differentiate into MDMs in complete RPMI 1640 supplemented with human recombinant macrophage colony stimulating factor (100 ng/ml) for 6 days before, when applicable, being treated with sodium stibogluconate at 200 g/ml.
RNA extraction and array processing. Experimental setup. The RNAs were first isolated from THP-1 cells infected or not infected with L. donovani 9951 (sensitive to SbV) treated or not treated with SbV (200 g/ml) after 4 days (THP-1; THP-1 and SbV; THP-1 and strain 9551; and THP-1, SbV, and strain 9551). RNAs were prepared by using an RNeasy mini kit (Qiagen) and treated with DNase according to the manufacturer's protocol. RNA quality was controlled spectrophotometrically and by bioanalyzer analysis. Similar amounts of RNA from each condition were labeled and hybridized to a GeneChip human genome focus array containing over 8,500 verified human sequences from the NCBI RefSeq database, as described at http://www.affymetrix.com/products /arrays/specific/focus.affx. For each condition, we performed one biological replicate that was hybridized to a second set of microarrays.
Microarray preparation. Total RNA from each sample was used to prepare biotinylated target RNA, as described by the manufacturer's protocol. Briefly, 5 g of RNA was used to generate first-strand cDNA by using a T7-linked oligo(dT) primer. After second-strand synthesis, in vitro transcription was performed with biotinylated UTP and CTP (Enzo Diagnostics), resulting in approximately 100-fold linear amplification of RNA. Spike controls were added to 15 g of fragmented cRNA before overnight hybridization. Arrays were then washed and stained with streptavidin-phycoerythrin before being scanned on a GeneChip scanner 3000 (Affymetrix).
Microarray quality control. After the scanning, array images were assessed by eye to confirm scanner alignment and the absence of significant bubbles or scratches on the chip surface. The 3Ј/5Ј ratios for glyceraldehyde-3-phosphate dehydrogenase (GAPDH) and beta-actin were confirmed to be within acceptable limits (1.00 to 1.85 and 1.04 to 2.238, respectively), and BioB spike controls were found to be present, along with BioC, BioD, and CreX controls. When scaled to a target intensity of 100 (using Affymetrix MAS 5.0 array analysis software), the scaling factors for all arrays were within acceptable limits (0.410 to 0.627), as were the backgrounds, Q values, and mean intensities.
Real-time PCR analysis of gene expression in THP-1 cells. RNAs were first isolated from THP-1 cells infected or not infected with L. donovani 9951 (sensitive to SbV) treated or not treated with SbV (200 g/ml) after 4 days (THP-1; THP-1 and SbV; THP-1 and strain 9551; and THP-1, SbV, and strain 9551). Primers for the EDNRB, HMOX-1, GCLM, SEPW-1, NT5C2, MAGEB2, and MRC1 genes were designed using Primer 3 software (http://frodo.wi.mit.edu/cgi -bin/primer3/primer3_www.cgi) (see Table S1 in the supplemental material). Primers for the GAPDH control have been described by others (26) . cDNA synthesis and real-time PCR on a Rotor-Gene 6000 from Corbett Life Science were performed with three independent RNA preparations. The relative amount of PCR product generated from each primer set was determined based on the threshold cycle value and amplification efficiencies and was normalized by dividing the values by the relative amount of the GAPDH gene used as a control. Real-time PCR analysis of the MX1 and G1P2 genes was performed by the gene quantification core laboratory of the Centre de Génomique de Québec (https: //genome.ulaval.ca/qrtpcr).
THP-1 cells (6 ϫ 10 6 ) were harvested by centrifugation at 2,500 ϫ g, washed twice in HEPES-NaCl buffer, and resuspended and disrupted in an equal volume of boiling 2ϫ lysis buffer (125 mM Tris-HCl, pH 6.8, 4% sodium dodecyl sulfate, 3% ␤-mercaptoethanol, 17.5% glycerol, 5 mM Na 3 VO 4 , 20 g/ml leupeptin, 20 g/ml aprotinin, 0.0025% bromophenol blue, 1ϫ protease inhibition cocktail). The samples were boiled for 10 min and vortexed, and total cellular proteins (from 6 ϫ 10 6 cells) were separated on a 15% sodium dodecyl sulfate-polyacrylamide gel and transferred onto a nitrocellulose membrane. The membrane was then incubated in 1ϫ PBS, 5% nonfat milk, 0.2% Tween, and a 1:1,000 dilution of a monoclonal anti-human HMOX-1 antibody (StressGen) for 90 min. The membrane was washed with 1ϫ PBS containing 0.1% Tween 20, incubated with a 1:10,000 dilution of horseradish peroxidase-conjugated goat anti-mouse immunoglobulin G (Bio-Rad, Hercules, CA) in 1ϫ PBS plus 5% nonfat milk for 1 h, and washed again with PBS. The results were visualized using a chemiluminescence detection kit (Pierce).
Thiol analysis. Thiols were derivatized with monobromobimane, separated by high-pressure liquid chromatography, and quantitated as described previously (15) .
Statistical analyses. The means of the quantitative reverse transcription-PCR (qRT-PCR) values or thiol measurements were compared by using Student's t test or a single analysis of variance, followed by Tukey's or Dunnett's multiple comparison when more than two means were considered. P values of less than 0.05 were deemed statistically significant. Computations were carried out using Microsoft Excel software.
RESULTS
Modulation of gene expression induced by sodium stibogluconate in THP-1 cells. Sodium stibogluconate (SbV-containing drug) is the first-line drug against infections caused by the protozoan parasite Leishmania. Its mode of action is unknown, but it is likely to act as a prodrug. Recent evidence suggests interaction with host signaling proteins (3, 23, 31, 33, 46) . DNA microarrays have been useful for determining the mode of action of a number of drugs (4, 27, 42, 47) . Consequently, we have used DNA microarrays to assess any putative SbV-mediated changes in gene expression in the macrophage host cell in the hope that it may be informative on the mode of action of SbV. We used SbV at 200 g/ml, a concentration that kills sensitive L. donovani isolates but is not toxic to THP-1 cells (41).
Macrophages, infected or not infected with the clinical isolate L. donovani 9551, were treated with SbV. RNAs from cells under the four different conditions (THP-1; THP-1 and SbV; THP-1 and strain 9551; THP-1, 9551, and SbV) were isolated and hybridized to a human genome focus array as described in Materials and Methods. While the focus of this study is on the mode of action of SbV, as part of a control, we also monitored changes in host gene expression upon Leishmania infection. Statistical analyses using the Agilent GeneSpring software package have revealed that, after having arbitrarily set up a cutoff of twofold differential expression, the expression of 44 genes (24 upregulated and 20 downregulated) was changed in THP-1 cells upon infection with strain 9951 of L. donovani (see Table S2 in the supplemental material). The expression of most of these genes was not modulated by SbV treatment VOL. 52, 2008 GENE EXPRESSION CHANGES MEDIATED BY PENTOSTAM 527
alone (see Table S2 in the supplemental material). Several of these genes whose expression is modulated upon Leishmania infection are part of the gamma interferon pathway, like the genes encoding MX1 (human interferon-regulated resistance GTP-binding protein MxA) and G1P2 (alpha interferon-inducible protein [clone IFI-15K]) (see Table S2 in the supplemental material). qRT-PCR experiments confirmed the expression data derived from the DNA microarray experiments for the MX1 and G1P2 genes (Fig. 1) . Often, SbV treatment of cells infected with Leishmania altered the modulation of gene expression induced by Leishmania (see Table S2 in the supplemental material). This was also confirmed by real-time PCR of the two studied host genes that are part of the gamma interferon pathway (Fig. 1) .
The main thrust of this study was to find SbV-modulated genes. SbV changed the expression of fewer genes, and this was independent of whether THP-1 cells were infected or not infected with Leishmania (Table 1) . Indeed, analyses of microarray data have indicated that a total of eight genes were at least twofold differentially expressed after treatment, with six genes upregulated and two genes downregulated. The confirmation of the different expression levels of seven genes was done by real-time qRT-PCR (Fig. 2 ). We were unable to amplify the RNA of the APOC1 gene starting from THP-1-derived RNA. The qRT-PCR experiments confirmed the expression data derived from the DNA microarray experiments for the seven other genes (Fig. 2) .
SbV modulation of gene expression. The microarray experiment was done with 200 g/ml of SbV, as this kills sensitive Leishmania cells while not being toxic for macrophages, but we wished to test whether lower concentrations of SbV could also modulate the expression of these genes. This was tested by qRT-PCR using the seven aforementioned genes. For all genes that were upregulated, we found a maximum induction of gene expression in THP-1 cells at 200 g/ml of sodium stibogluconate (Fig. 2) . The induction in gene expression was clear at the highest concentration of sodium stibogluconate tested, and only a modest increase was seen at lower sodium stibogluconate concentrations, although, for some genes, the changes were statistically significant (Fig. 2) . Possibly due to the dynamic range of each technique, the increase was often greater with qRT-PCR than with the microarrays. For example, were subjected to qRT-PCR for the MX1 (A) and G1P2 (B) genes, two genes whose expression was modulated by Leishmania infections as determined by DNA microarrays (see Table S2 in the supplemental material). Changes in expression were normalized to GAPDH expression. The amount of mRNA expression was expressed as the relative change standardized to the expression in control cells in each experiment. Each value represents the mean of the results of three experiments. * , P Ͻ 0.05 compared to the control without sodium stibogluconate. HMOX-1 expression with 200 g/ml of sodium stibogluconate was increased ϳ13-fold as determined by qPCR, compared to a 2.1-fold increase determined by microarray (Table 1) . We also observed a maximal effect at 200 g/ml of SbV for downregulated genes, but some effect was observed at 20 g/ml of SbV (Fig. 2) . Three out of the seven genes, those for endothelin receptor type B (EDNRB), heme oxygenase-1 (HMOX-1), and the glutamate-cysteine ligase modifier subunit (GCLM), have been selected for further analysis. These three genes were chosen either because they were the most highly differentially expressed (EDNRB) or because data in the literature suggested a possible role in the mode of action of SbV. Indeed, host thiols (potentially provided by GCLM) have been proposed to be involved in the reduction of SbV (37), and HMOX-1 expression was found to be modulated by SbV treatment (12) . Sodium stibogluconate is one of the two main SbV-containing drugs used to treat Leishmania, the other one being meglumine antimoniate. The same induction in gene expression was observed with 200 g/ml of meglumine antimoniate, and this drug was found to be a potent inducer of the expression of both the EDNRB and HMOX-1 genes of THP-1 cells, with increases of more than 10-fold as determined by qRT-PCR (see Fig. S1 in the supplemental material).
For measuring SbV activity against Leishmania, long incubation times are required (39) . SbV-mediated alterations in some signaling pathways were found to be a slow process (3). This explains why we opted to investigate gene expression modulation at 96 h posttreatment. Nonetheless, we were interested in testing whether SbV-mediated changes in gene expression could occur more rapidly. RNA was extracted from THP-1 cells treated with sodium stibogluconate (200 g/ml) after different incubation times (24, 48, 72, and 96 h). qRT-PCR analyses revealed that HMOX-1 and EDNRB mRNA levels increased with time of treatment, reaching their highest levels after 72 h for EDNRB and 96 h for HMOX-1 (Fig. 3A  and B) .
The SbV-induced changes in gene expression described so far in this study were observed in phorbol myristate acetatedifferentiated THP-1 cells. It was of interest to test whether SbV could also modulate gene expression in a different, more relevant, cellular context. For this purpose, monocytes derived from PBMCs were allowed to differentiate into macrophages. The expression of HMOX-1, EDNRB, and GCLM was increased in MDMs of two independent donors upon sodium stibogluconate (200 g/ml) incubation (Fig. 4) . The increases for those three genes in the MDMs were greater than the increases observed in the THP-1 cells (Fig. 2 and 4) .
We attempted to correlate changes in gene expression with either protein production or function. Antibodies against the products of EDNRB and HMOX-1 are commercially available, but the EDNRB antibody was not able to detect a protein in our THP-1 cell line (results not shown), and this was not investigated further. In contrast, the anti-HMOX-1 antibody recognized a protein of 32 kDa (the predicted size of HO-1) in THP-1 cells, and the production of this protein increased 9-fold Ϯ 1.4-fold (mean Ϯ standard deviation) upon SbV treatment (see Fig. 5, lanes 1 and 3) . GCLM codes for the modulator subunit of the rate-limiting enzyme of the GSH biosynthesis pathway, and it is possible that its overexpression upon SbV treatment could lead to an increase in GSH biosynthesis. This was tested by measuring thiols by high-pressure liquid chromatography, and indeed, we found an increased level of GSH in both THP-1 cells and MDMs treated with SbV after 96 h (Fig. 6A and B) . were subjected to qRT-PCR for the genes that were differentially expressed as determined by DNA microarrays (Table 1) . Changes in expression were normalized to GAPDH expression levels. The amount of mRNA expression was expressed as the relative change standardized to the expression in control cells in each experiment. Each value represents the mean of the results of three experiments. * , P Ͻ 0.05 compared to untreated cells.
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Effect of EDNRB and HMOX-1 antagonists on SbV-mediated gene expression. SbV changed the expression of a selected number of genes, and to further understand how EDNRB and HMOX-1 expression was induced by SbV, we treated cells with antagonists of these two gene products. Several molecules that alter the expression of HMOX-1 have been developed (reviewed in references 1 and 32), and zinc protoporphyrin IX (ZnPP IX), a known inhibitor (18) , was tested. Surprisingly, ZnPP IX increased the HMOX-1 RNA level by 30-fold (Fig.  7A) , and this also correlated with an increase in HMOX-1 protein (Fig. 5, lane 3) . Coincubation of cells with ZnPP IX and SbV did not further increase RNA or protein levels (Fig.  5, lane 5; Fig. 7A ). BQ788 is an antagonist of EDNRB (16) , and incubation with BQ788 (Calbiochem) indeed resulted in a decrease in the mRNA expression of the EDNRB gene (0.63-fold; P, 0.009) compared to its level in the THP-1 mock control (Fig.  7B) . However, treatment of cells with BQ788 could not significantly modulate the SbV-mediated change in EDNRB gene expression (Fig. 7B) . As expected from the expression data shown in Fig. 7A and B, Leishmania infection and susceptibility to SbV were unchanged in THP-1 cells treated with either ZnPP IX or BQ788 (results not shown).
DISCUSSION
Antimonials have been used for decades against leishmaniasis, but their mode of action is still not completely understood. However, there is a general consensus that SbV is converted to SbIII (reviewed in references 10 and 29). The metal reduction could occur either in the macrophage or the intracellular parasite or in both, and it is likely that the macrophage either directly or indirectly is important for this conversion. Moreover, SbV was shown to modulate host signaling pathways (3, 23, 31) , which could also contribute to the antileish- manial activity of SbV. Therefore, we chose to use DNA microarrays in order to investigate the potential role of the macrophage in the mode of action of sodium stibogluconate. Indeed, it has been shown that RNA expression profiling is a useful technique to look at the mode of action of drugs (4, 27, 42, 47) . Several studies have also dealt with changes of host gene expression upon infection with Leishmania spp. (5, 7, 11, 34) , and we indeed also observed changes in host gene expression upon Leishmania infection (see Table S2 in the supplemental material). Several of the genes (but not all) listed in Table S2 in the supplemental material were also pinpointed by others, including the two genes for which results are shown in Fig. 1 (7) . Interestingly, SbV treatment of Leishmania infections decreases the effect of Leishmania-induced expression ( Fig. 1 ; see Table S2 in the supplemental material). This may suggest that modulation of gene expression depends on dividing parasites, and this clearly warrants further investigations. Under the experimental conditions that we have used, the expression of a few genes was significantly modulated by SbV (Table 1) , and this was independent of whether the macrophages were infected or not infected with Leishmania parasites (Table 1) . SbV drugs used against Leishmania have been shown to be potent inhibitors of a family of protein phosphatases which modulates signaling pathways and cytokine responses (31) . Stimulation of ERK-1 by SbV and alterations in intracellular signaling pathways have also been described (3, 23) . Under our experimental conditions, none of these signaling pathways were found to be altered using focus DNA microarrays. This observation is not surprising given that the majority of signal transduction pathways are modulated by posttranscriptional events (e.g., phosphorylation/dephosphorylation). Thus, other global approaches, such as proteomic screens, may highlight SbV-mediated changes in signaling pathways.
The few genes whose expression was modulated by SbV suggested that SbV induced some oxidative stress and that this may contribute to the anti-Leishmania activity. Indeed, there are already links between SbV and the production of ROS. For example, the activation of ERKs by SbV is known to lead to the production of ROS (23) , and this is consistent with the observation that SbV can prime the phagocyte respiratory burst (33) . It should be noted, however, that a short exposure (4 h) of THP-1 cells to SbV did not lead to the production of ROS but that incubation with SbIII for 4 h did in fact lead to ROS production (20, 44) . If SbV is slowly converted to SbIII inside macrophages, it may take longer to see an increase in 
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SbV-mediated ROS production. Indeed, we found that modulation of gene expression was maximal at 96 h (Fig. 3) , and this parallels the rather slow activity of SbV against Leishmania cells. It is noteworthy that susceptibility testing is routinely carried out after 4 to 5 days of exposure to SbV (39) . Interestingly, all genes pinpointed as differentially expressed in THP-1 cells by using focus arrays were also differentially expressed in MDMs (Fig. 4) . The increase in SbV-mediated changes in gene expression was even greater in MDMs, suggesting that, if we had used this system initially, we might have detected more genes responding to SbV. However, one caveat with MDMs, in comparison to established cell lines, is the heterogeneity in gene expression between donors which could have complicated the analysis of the data. Since SbV is converted to SbIII, it will be interesting eventually to monitor SbIII-mediated modulation in host gene expression. Since SbIII is much more toxic than SbV to host cells, it may lead, however, to the expression of several genes related to the stress response not directly involved in the mode of action of SbV. One gene whose expression was greatly modulated by SbV was HMOX-1, and this was observed both in THP-1 cells (Fig.  2 ) and in MDMs (Fig. 4) . HMOX-1 is the gene coding for the HO-1 enzyme that catalyzes the rate-limiting step of heme degradation into biliverdin, carbon monoxide, and iron (reviewed in reference 36). The HMOX-1 gene is activated under a number of cellular stresses, and it has been shown to be important in dealing with oxidative stress (reviewed in reference 1). Significantly, SbIII and, to a lesser extent, SbV were shown to induce HO-1 (12) . The HMOX-1 gene is under the control of several transcription factors and pathways (reviewed in reference 2). The ERK pathway was found to be necessary for metal (arsenic) HO-1 induction (9) and, since SbV was shown to induce the ERK pathway (23), it is possible that it is through this pathway that HO-1 expression is increased. ZnPP IX is an HO-1 inhibitor. In our hands, however, ZnPP IX was shown to be a potent inducer of HMOX-1 gene and protein expression ( Fig. 7A; Fig. 5, lane 4) . This induction effect has also been observed by others (45) . This is explained by ZnPP IX-induced binding of nuclear proteins to the HMOX-1 regulatory regions (45) . Attempts to look at whether ZnPP IX could modulate the activity of SbV against Leishmania have been inconclusive (results not shown), possibly because of the complexity of HMOX-1 regulation. Future studies are nonetheless warranted to see whether HO-1 is involved in the mode of action of SbV.
Another pathway that was highlighted was that of GSH biosynthesis, where the expression of the glutamate-cysteine ligase modifier subunit (GCLM) was increased. This is the noncatalytic subunit of the rate-limiting enzyme in GSH biosynthesis (the catalytic gene GCLC was not present on the focus array), but its increase may nonetheless indicate that GSH levels could be important for the SbV mode of action. It has been shown that an increase in GCLM expression could lead to an increase of GSH (8) . Indeed, GSH reduces SbV to SbIII nonenzymatically (37) , and the activity of SbV was associated with the manipulation of both host and parasite GSH levels by the parasite (6) . Thiol levels are known to be important for the parasite itself, where SbIII decreases the level of intracellular GSH (21, 43) , and an increased level of thiols is associated with resistance to antimonials (15, 22, 24) . Similarly, a short exposure of host cells to SbIII depleted the cells of GSH (44) , whereas longer exposure can lead to increased GSH (40) . We showed that total GSH levels are increased in SbVtreated cells (Fig. 6) , concomitant with an increase in GCLM expression, both in THP-1 cells (Fig. 2 ) and in MDMs (Fig. 4) . It is possible that, during the initial contact, SbIII (or SbV being converted to SbIII) reacts with cellular GSH and this complex is effluxed outside the cell, hence reducing cellular thiol levels. To compensate for this loss in GSH levels, the cell increases the synthesis of GSH upon chronic metal exposure.
Another gene that was extensively upregulated by SbV was the endothelin receptor type B gene (EDNRB). This receptor, upon endothelin binding, promotes vasodilatation (reviewed in reference 38). The expression of EDNRB was increased by SbV both in THP-1 cells (Fig. 2 ) and in MDMs (Fig. 4) . Inhibitors of EDNRB are available, and we used BQ788. BQ788 was able to decrease the expression of EDNRB (Fig. 7B ), but the effect was minimal, and we could not observe any effect of BQ788 on the antileishmanial activity of SbV (results not shown). High expression of EDNRB is associated with hypertension (38) , and one may need to be careful if SbV is used to treat leishmaniasis in individuals suffering from hypertension.
In addition to EDNRB, GCLM, and HMOX-1, the expression of five other genes (three upregulated and two downregulated) was modulated by SbV ( Table 1 ). The modulation in the expression of these genes in THP-1 cells was confirmed by real-time PCR (Fig. 2) . The three other genes that were upregulated corresponded to the cytosolic 5Ј-nucleotidase type II (NT5C2), a melanoma antigen (MAGEB2) of unknown function, and apolipoprotein C-I (APOC1). For the latter, every primer design failed to detect the specific mRNA in THP-1 cells. It is not clear whether the regulation of these genes has a role to play in SbV activity. Two genes were downregulated, those coding for the membrane receptor MRC1 and for the selenoprotein SEPW1 (Fig. 2) . It has been suggested that SEPW1 is a target for the heavy metal MeHg (methylmercury) and that its expression is dependent on GSH levels (17), although further work will be required to determine whether any of these downregulated genes are related to SbV's mode of action. Indeed, the transcriptomic approach used here has been useful for the detection of changes in gene expression mediated by SbV, and future work should determine how these changes could modulate the efficacy of SbV drugs against leishmaniasis.
